Objectives: To determine the frequency of hereditary hemochromatosis gene mutations, C282Y and H63D, from 125 autochthonous blood donors originating from a Central region of Spain, to provide epidemiological data about HFE gene in the Iberian Peninsula.
Introduction
Hereditary hemochromatosis is an autosomal recessive disease affecting approximately 1/300 individuals of European origin [1] . This disorder causes overabsorption of iron from the intestine, increasing body iron overload. Progressive accumulation of iron appears on * Correspondence address: Eduardo Arroyo, Dep. Toxicología y Legislación Sanitaria, Facultad de Medicina, Universidad Complutense de Madrid, 28040-Madrid, Spain. Tel.: +34 91 3941576; Fax: +34 91 3941606; E-mail: eduardoa@eucmax.sim.ucm.es. different tissues and liver, joints, skin, heart and other organs may be affected which determine endocrine abnormalities, cirrhosis, arthropaty, cardiomyopathy, etc, and may be fatal if treatment is not applied. In 1976, Simon et al. reported an association of hemochromatosis with HLA loci [2] . Later, the hemochromatosis gene, named HFE, was identified on the short arm of chromosome 6 about 4, 5 megabases telomeric to HLA-A [3] . HLA-linked hemochromatosis gene has heretofore been described exclusively in people of European ancestry. It is important to consider that there are other iron metabolism disorders different from this hereditary hemochromatosis, such as juvenile hemochromatosis, African iron overload or hereditary hyperferritinaemia, all of which are determined by other loci different from HFE [4] . The characterization of HFE gene has shown that it presents a mutation, named C282Y, found in most patients suffering hemochromatosis. This mutation is a G → A transition at nucleotide 845 of the open reading frame that results in a 282 Cys → Tyr substitution in the protein product. Homozygosity for the C282Y variant is closely associated with hemochromatosis, and its frequency is: 64-94.7% of European hemochromatosis patients [3, 5] , although it has been reported in Australia (from individuals of European origin) that 100% of hemochromatosis patients are homocigotic for the C282Y mutation [6] . A few other mutations related to hemochromatosis have been described in the HFE gene [7, 8] , the most important, considering its frequency, is H63D which corresponds to the transition C → G at nucleotide 187 resulting in a 63 His → Asp substitution in the protein chain. The role of this second variant in causing genetic hemochromatosis is less clear in comparison with C282Y. However, hemochromatosis disease is shown in cases in which H63D and C282Y are present together in the same individual [3, 9] . The allelic association between HLA-A*03 and hemochromatosis is well recognized [2, 10] . Edwards et al. [11] demonstrated that approximately 70% of hemochromatosis patients possess at least one HLA-A*03. A possible origin of the mutation on a chromosome bearing an HLA-A*03 allele has been suggested [12] . Recent findings support the hypothesis that the mutation appeared in a relatively recent period (60-70 generations ago) on a *A3 *B7 haplogroup [10] . In addition, the finding of HLA alleles other than *A3 associated with hemochromatosis may be explained by recombination systems, which occurred as infrequent events, between these loci over many generations; another explanation could be the appearance of infrequent hemochromatosis causing mutations other than the two mentioned above.
The aim of this study is to establish population frequencies of C282Y and H63D mutations from a sample of Central Spain to provide epidemiological data which may permit us to relate both the incidence of hereditary hemochromatosis and presence of these two major mutations. This is the first report of mutation frequencies for the Central Spanish population. This contribution adds to our knowledge concerning European population and HFE markers.
Material and methods

Sample
DNA samples were obtained from 125 unrelated individuals. These individuals were blood donors and autochthonous (4 grandparents born in the studied region) from Central Spain (Vera-Jerte Valley, Cáceres province). This population was chosen because of the genetic resemblance to the majority of Spanish populations as shown in previous studies of STR variability and other markers [13, 14] . 
Amplification protocol
RFLP assay
10 µl of each final product were digested with Bcl I for H63D and Snab I for C282Y (New England Biolabs) at 50
• C and 37
• C, respectively, overnight, according to manufacturer's protocol. Fragment polymorphism was separated by electrophoresis in 2% Agarose gels and visualized with Ethidium Bromide.
Results and conclusion
125 blood samples were analyzed and the C282Y and H63D variants were identified. In relation to C282Y mutation, five of the donors were C282Y heterozygous and the rest carried the normal allele. No C282Y homozygous was detected. These results correspond to a C282Y gene frequency of 0.02 ± 0.009. The search for H63D mutation revealed that two individuals were H63D homozygous and 36 heterozygous while 87 exhibited normal alleles. H63D gene frequency was 0.16 ± 0.023.
For comparative purposes, Table 1 summarizes results from different European populations studied for HFE mutations. The C282Y mutation has been found in these populations, except Udmurts (USSR), Finland, Askenazi Jews, Cypriots and Turkey [4] , but in these cases the number of characterized individuals is small and this fact may influence the absence of the mutation because of its low frequency. The relatively most elevated values were found in countries located in the Northern Europe: Denmark (9.5% and 6.8%) [4, 16] , United Kingdom (8%-5.9%) [4, 17, 18] , Iceland (6.7%) or Norway (6.4%) [4] . The Mediterranean area presents lower values, between 0.5% in Italy [4] and 4.4% obtained in a region corresponding to Northern Spain (Cantabrians) [19] . Considering the Spanish population, to the present, only Northern Spain (Basques, Catalans and Cantabrians) [4, 19] is represented in the HFE gene studies; the rest of the Iberian Peninsula is unknown. In addition, two of the samples are composed of a reduced size of the phenotyped individuals. Our result for Central Spain, with a C282Y gene frequency of 2%, falls within the range of variation of the Mediterranean populations and the lowest of compared Spanish data. H63D mutation is more widely distributed and its relationship with hemochromatosis is less clear. It is present in African, Asian and native American populations, although at a frequency lower than 2% in most of them. It is not found in most Australasians [4] . European populations show H63D fre- [4, 17, 18] and Ireland (18.9%) [4] .
In conclusion, the results of this study present data concerning frequencies of HFE mutations related to hemochromatosis disease are useful to compare expected versus presented frequencies of individuals with hereditary hemochromatosis in the Spanish population. HFE mutations also show a high level of variability among populations, and this study provides an amplification of data about their distribution in European countries.
